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Hybrid-Type Approach for Plant Layout Design with a Constraint-Directed
Search and a Mathematical Optimization Technique
Kikuo FUJITA, Shinsuke AKAGI, Hiroaki HASE,
Tetsundo NAKATOGAWA and Makoto TAKEUCHI
A hybrid-type approach for plant layout design is presented with a constraint-directed search procedure and
a mathematical optimization technique. In layout design, a plant must be arranged to satisfy spatial constraints
imposed by its components. In our approach, the whole space of a plant building is divided into the finite
compartments with a modular size in order to separate the description of the layout into the combinational
part and the dimensional part. According to this, the approach consists of two steps. In the first step, a
constraint-directed search procedure is applied for fixing the combinational relations among plant components
so as to satisfy the spatial layout conditions. In the second step, an optimization technique is applied for
determining the actual dimensions of compartments so as to minimize the size of a plant building considering
the size of components. In the optimization, mixed-integer programming and sequential linear programming
are combined and the formulation is carried out automatically from the result of the first step. This hybrid
approach has been applied to the design of a nuclear power plant in order to check its validity and effectiveness.
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Components DimensionsPlant Building 
      = Compartments
Spatial Conditions Other Conditions
? 1 ?????????






x    A+ B-
( x   , y   )B+ B+
( x   , y   )B- B-
( x   , y   )A+ A+
( x   , y   )A- A-
( x   , y   )B- B-
( x   , y   )A+ A+





















???????????? (xi−; yi−) − (xi+; yi+); (i =
A;B) ??????????????????????
??? I?????? A ? x ???????????
??????? xA+  xB− ????????????











[ W  D  H in meters ] [ W  D  H ]
boric acid pump room 9.0  8.0  7.0 1  1  1
boric acid tank room A 7.6  6.5  14.5 1  1  2
charging pump room A 17.0  6.75  3.8 3  1  1
filter room 25.0  13.0  7.6 3  2  1































































































































































































Layout design in the embodiment step
Determining the exact positions
of the components
Layout design in the preliminary step



















Regional constraint A is located higher than B.
A is located in the highest floor.
Combination A is located touching B.
constraint A is located in the different
direction from B.
Global constraint A has a path way to the entrance.
Suggestive type
Priority constraint A is located close to B.

































Listing vacant compartments and selecting
those meeting regional constraints
Sorting the candidates with suggestive
type of constraints and layout potential
Generating candidate locations and
eliminating those not meeting test constraints
Taking a component for the layout operation
Laying out the component in the candidate
location with the first priority 
Testing the layout with global constraints

































































Outside of the room A
Inside of the room A
Thickness
   of the wall
? 5 ????????????
???????
xA+− xA−  wA;
yA+− yA−  dA;
zA+− zA−  hA
OR (1)
xA+− xA−  dA;
yA+− yA−  wA;
zA+− zA−  hA
???? wA;dA;hA??? A ???????????
???????????
???????? (1) ????????? 0-1 ??
??? d A = f0;1g ????????????????
??
xA+− xA−  d A wA +(1− d A) dA;
yA+− yA−  (1− d A) wA + d A dA; (2)







(xA+− xA−) (yA+− yA−)  sA;
xA+− xA−  0;
yA+− yA−  0; (3)




x   - x   > max( t  , t  )B- A+




Combination Equations representing 
infeasible combination
x   - x    <  max ( t   , t   )B- A+











  = Negation of equations representing



















xB−− xA+ = max(tA; tB) (4)








????? 0-1 ????? d AB = f0;1g ??????
???????????????
xB−− xA+  max(tA; tB)−K d AB;
yA−− yB+  max(tA; tB)−K (1− d AB) (5)
???? K ???????????























































Linearizing the nonlinear equations
with symbolic differentiation
Substituting the equalities
Reducing 0-1 integer variables with the knowledge





constraints with linear form and
objective function with linear form
Making the data for the MILP
Solving the MILP
( MILP solver )
Tentative dimensions
of compartments
Exact dimensions of compartments
Necessary thickness
of the walls and floors
Size data of
the components
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